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Abstract 
In this paper, a portable battery-powered energy-logger circuit to monitor the energy harvested by different piezoelectric 
converters mounted on selected positions of the human body under typical daily activity is proposed. The circuit logs on an SD 
memory card both the rms value of the acceleration imparted to the Energy Harvesting (EH) converter under test and the time 
intervals needed to achieve a predefined amount of energy stored on capacitors. The energy-logger circuit was tested with three 
different types of piezoelectric EH converters under different excitation conditions allowing to measure an effectiveness index 
given by the time necessary to accumulate the energy required to power one operating cycle of the autonomous sensor module 
representing the load. 
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1. Introduction 
Wearable sensors for monitoring physiological parameters like heart-rate, temperature or performing long-term 
operations such as electrocardiogram [1] (ECG) are becoming increasingly appealing in wellbeing and healthcare-
related contexts. Powering solutions based on Energy Harvesting (EH) would advantageously avoid the need for 
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batteries and make the sensors energetically autonomous. Different energy sources on the human body can be 
considered for EH like heat or movement, just to name a few. The determination of the most suitable EH solution for 
a given position on the human body, i.e. the conversion technique and principle, is one of the main critical issues 
with respect to obtrusiveness, weight and EH effectiveness [2]. At present, shared methodologies and devices for 
effectiveness evaluation are apparently lacking. The present work proposes a tailored energy-logger circuit dedicated 
to the investigation of the effectiveness of EH piezoelectric converters from human movement that adopt both linear 
and non-linear conversion principles. 
2. The proposed energy-logger circuit 
Piezoelectric EH converters from motion typically require energy management circuits which accumulate energy 
in suitable storage capacitor CS [3]. When the voltage vC(t) across the storage capacitor, or equivalently the stored 
energy reaches a prescribed upper threshold voltage VTH, the electronic load is connected, while it is disconnected 
when the voltage vC(t) decreases below the lower threshold voltage VTL. This operation imposes an intermittent 
working cycle to the electronic load. The voltages VTL and VTH typically match the input working voltages of the 
energy management circuit, while the available amount of energy ΔE to power the load is: 
 
                (1) 
 
The effectiveness of the considered EH solution can be related to the time interval ΔT required to charge the 
storage capacitor CS to the needed amount of energy ΔE. In this perspective a portable energy-logger circuit has 
been designed and built which is dedicated to piezoelectric converters from low-frequency motion attached to 
different positions on the human body (ankle, shoe, forearm, …). The energy-logger circuit is intended to be 
mounted jointly to the EH converter and to measure both the acceleration imparted to the converter base and the 
energy accumulated on the storage capacitor CS. 
Fig. 1 shows the block diagram of the energy-logger circuit. The circuit is powered by a rechargeable polymer 
lithium-ion battery. The output voltage vIN(t) from the specific piezoelectric converter under test is applied to the 
full-wave rectifier through which the storage capacitor CS is charged. The conditioning block A allows to adjust the 
level of the input voltage to the full scale of the ADC converter and also provides protection from surge voltages 
which may exceed 10 V. An anti-aliasing low-pass filter limits the bandwidth to 2500 Hz before sampling. 
 
 
Fig.1: Energy-logger block diagram. Left pictures show the tested converters: an impact-enhanced piezoelectric converter (a), 
a linear piezoelectric converter (b) and a ball-impact piezoelectric converter (c). 
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The microcontroller monitors the build-up of the voltage vC(t) across the capacitor CS and the acceleration from 
an on-board triaxial accelerometer. When the voltage reaches the high-voltage threshold VTH the capacitor is 
discharged down to the low-voltage threshold VTL by closing the switch SW on the resistor RL thus enabling multiple 
charge-discharge cycles. Fig. 2(a) shows the typical trend of the voltage vC(t) across the storage capacitor during the 
opening and closing of the switch. Fig. 2(b) shows the energy-logger prototype. 
 
 
(a) 
 
(b) 
Fig 2: Typical voltage vC(t) across the storage capacitor CS (a); energy logger prototype with dimensions of 92 mm x 70 mm (b). 
3. Experimental results 
The energy-logger has been applied to test three different EH converters: a linear piezoelectric converter, an 
impact-enhanced piezoelectric converter [4], and a ball-impact piezoelectric converter [5]. The system has been 
tested in different conditions in order to verify proper operation. Focusing on the impact-enhanced piezoelectric 
converter, the energy-logger circuit was tested during a typical walk at normal pace. Fig. 3(a) shows the impact-
enhanced converter mounted on the shoe while Fig. 3(b) shows the typical values of the measured acceleration on 
the shoe during walk over a time period of 10 s. The repetitive acceleration peaks are due to the impact of the shoe 
against the ground. In a different test, the same converter and the energy-logger circuit were mounted in the basket 
of the bike as shown in Fig. 4(a) and tested during a typical bike ride into town. Fig. 4(b) shows a typical plot of 
acceleration measured during a bike ride over a time period of 10 s. The acceleration peaks are related to 
irregularities in the road surface and hence are not periodic as in the case of the typical walk. 
 
  
Fig 3: The impact-enhanced converter mounted on the shoe (a); typical measured acceleration during walk at normal pace (b). 
(a) (b) 
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Fig 4: The system mounted in the bike basket (a); typical measured acceleration during a bike ride into town (b). 
 
Table 1 compares the results of measurements carried out with the three piezoelectric converters. In all cases the 
threshold voltages are: VTL=1V and VTH=2.4V. The values of storage capacitor CS and energy ΔE allow to evaluate 
the charging time interval ΔT. The results for the walk at a normal pace and walk on the stairs are made from a 5-
min measurement, while the measurement on the bike ride into town lasted about 15 min. The average speed of the 
walk at a normal pace is 4 km/h. The staircase has 33 steps approximately 15 cm in height. Both the linear and ball-
impact converters have been tested on an electrodynamic shaker. It can be observed that for the linear converter best 
operation is attained at the frequency of 30 Hz corresponding to the resonance frequency of the cantilever converter. 
Table 1: Comparison among the three piezoelectric converters: impact-enhanced (a), linear (b) and ball-impact (c). 
  Impact-enhanced converter 
 
Linear converter 
 
Ball-impact converter 
Excitation 
type 
Walk at 
normal pace 
Climbing 
of stairs 
Bike ride 
into town 
Sinusoidal Sinusoidal 
f=25 Hz f=30 Hz f=35 Hz f=20 Hz f=25 Hz f=30 Hz 
a [grms] 0.8 1.1 0.6 1.2 1.2 1.2 1 1 1 
CS [µF] 470 470 470 100 100 100 100 100 100 
ΔE [mJ] 1 1 1 0.24 0.24 0.24 0.24 0.24 0.24 
ΔT [s] 10 ÷ 11 7 ÷ 8 32 4.8 0.38 1 18.5 20 16 
4. Conclusions 
A portable battery-powered energy-logger circuit to monitor the energy harvested by different piezoelectric 
converters was presented. This prototype allows to measure an effectiveness index of the EH converter given by the 
time necessary to accumulate the energy required to power one operating cycle of the autonomous sensor module 
representing the load. 
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